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lUTRODUOTIOU .
Tho primary olaject of this work has heen the preparation
of hydrazobenzene by means of a cheaper method than that developed
5by Alexeyeff and to study the Benzidine rearrangement. All
references in the laboratory manuals recommend the use of strong
hydrochloric aQid for the transformation, without any regard as to
the relative amounts of benzidine and diphenyline formed. It,
therefore, appeared to be of importance to determine the optimum
conditions for the benzidine formation, and to study the reaction
velocity under varying conditions.
A secondary object of this work has been the preparation
of xanthone by means of the Priedel and Crafts reaction, using
diphenyl ether and either phosgene or carbontetrachloride in the
presence of aluminium chloride.
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HISJOBICAL PART >
Benzidine in the form of tienzidine sulphate was first
1 ? 2prepared by Zinin , Laurent " and Gerhardt through the reduction
of azoxybenzeno to hydra zobenzene , and the subsequent treatment
of the latter vrith dilute sulphuric acid. Schmidt and Schultz
had tried to obtain benzidine directly by reducing azoxybenzene
in the presence of ammonium sulphate but obtained it only in very
small quantities. The main product obtained in their reaction was
aniline. Prom 5 grams of azoxybenzene in an alcoholic solution of
stannous chloride (from 10 grams of tin) only 1^ grams of
benzidine sulphate, or about 2Vfo of the theoretical, could be
obtained. Werigo"^ had supposed that on reducing nitrobenzene in
the presence of an excess of sodium-amalgam that he obtained a
substance identical with benzidine. . Hov;ever it was sriown by
5Von P. Alexeyeff that the compound 7/erigo obtained was hydrazo-
benzene which showed the characteristics on treatment with hydro-
1 5
chloric acid that Zinin had demonstrated. Alexeyeff ^Iso show-
ed that it was possible to prepare hydrazobenzene by reducing
nitrobenzene in an alcoholic solution with the addition of powder-
ed zinc and a small amount of potassium or sodium hydroxide.
Schmidt and Schultz succeeded in obtaining benzidine in
greater quantities by means of the following method. They treated
azobenzene with alcoholic ammonia and passed in sulphur dioxide
gas. The hydrazobenzene formed thereby went into solution and was
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crystallized out "by concentration of the solution. On the addition
of water the hydra zolienzene separated out completely, was filtered
off, dried, and ?/armed with hydrochloric acid yielding "benzidine
hydrochloride. They later converted this salt into the sulphate "by
the addition of sulphuric acid. In this manner from 20 grams of
azobenzene, ffrom nitrobenzene) 18 grams of benzidine sulphate were
obtained. They believed, however, that it was not necessary to
first prepare the hydrazobenzene , for on treatment of azobenzene in
an alcholic solution with stannous chloride and hydrochloric acid,
as fast as hydrazobenzene v/as formed it rearranged into the isomeric
compound, benzidine. Too strong reducing agents tended to the
formation of aniline. Seventy gram.s of azobenzene were dissolljed
in hot alcohol and while refluxing, a solution containing 53 grams
of tin dissolved in concentrated hydrochloric acid was gradually
added. After distilling the alcohol, they added sulphuric acid and
obtained benzidine sulphate. They obtained the pure base by boil-
ing the salt with ammonia and crystallizing from water. The yield
was 30 grams or about 42^ of the theoretical. The filtrate from
the benzidine sulphate was evaporated, decomposed with an excess
of potassium hydroxide and extracted with ether. After the ether
v/as distilled off, the remaining portion on fractional distilla-
tion gave 13.2 grams or 18. 5?^ of aniline, and 13.0 grams or Id. 3%
of diamidodiphenyl.
Zinin^ showed that the double salt C ^2,^2^2'^^^'^ °^
addition of an excess of water, liberated a molecule of HCl, form-
ing the monc^loride C-j_pH]_2H2«HCl, which is difficulty soluble in
water but more easily soluble in dilute hydroc?iloric acid. His
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determination of chlorine in the monochloride , v/hich gave 15.74^
CI, sustained his experiment. According to Zinin the double salt
consists of thin rhomhic leaves, easily soluble in water and more
easily in alcohol.
A. ¥. Hoffman had previously shovm that in the formation
of benzidine through the action of reducing agents on azobenzene,
that first there v;as formed the isomer, hydrazobenzene , a neutral
or very weakly basic siibstance. On passing sulphur dioxide gas
into an alchholic ammonia solution of azobenzene, and the sub-
sequent addition of v;ater, a crystalline substance with a camphor
like odor was precipitated, v/hich was recrystallized from dilute
alcohol. This substance was hydrazobenzene and possessed the same
empirical formula as benzidine G;j_2Hi2^l2i 'j^o^'^ever it did not
crystallize from alcohol or benzene in needles, but in well defined
leaves which were difficulty soluble in water and had a melting
point of 131° C. while benzidine melted at 118° C. It was slightly
soluble in acetic acid and rearranged into benzidine under the
effect of strong acids. She benzidine on distillation was only
partly decomposed while if the hydrazobenzene was heated above its
melting point a rapid reaction took place, changing it to a red oil
out of which azobenzene and aniline were obtained. The decomposi-
tion is expressed by the following reaction:
A///
After the work of Hoffman^, Schultz"^ took up the
investigation and discovered a small quantity of a second isomer,
called diphenyline, which is formed together with benzidine in the
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reduction of azobenzene and subsequent rearrangement of the inter-
mediate product, hydrazobenzene.
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THEOHETICAL PART .
From the preceding forraulas it is seen that in the for-
mation of benzidine the attachment "between the tvio nitrogen atoms
in hydrazobenzene is substituted by that of the two carbon atoms
of the nuclei; the amino groops being transferred to the para
positions in benzidine or to one para and one ortho position in
diphenyline. The transformation can more easily be explained by
supposing the two nuclei in hydrazobonzene to separate, and in the
one case to make half a complete revolution before joining up
again, while in the other case one of the nuclei turns through
180°
while the other turns through 60°. Thus
Jacobson^ subjected substituted hydrazobenzenes to the
action of hydrochloric acid and obtained results indicating that
the KH£ groups in benzidine must occupy the para-position. For
example, a hydrazobenzene the para-hydrogen atoms of which have
been substituted can not be converted into benzidine. He reduced
derivatives of azobenzene with an alcoholic solution of stannous
chloride and hydrochloric acid. The hydrazobenzene compound
was
then immediately transformed, separated ,and identified. According
to Jacobson the following changes are possible, if one of
the para-
positions is occupied by R.
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jzr.
Equations one and two depict what is known as the semidine re-
arrangement since only one of the KH groups is converted
into an
IIH2 group and not iDOth UH groups as in the benzidine
rearrangement.
It can therefore be seen that since in para- substituted
hydraze-
benzenes the amino group can enter the ortho or
para-position with
reference to the imido group, it is necessary to
distinguish be-
tween an ortho and para semi dine transformations.
A rather fantastical theory has been put forth by
G. M. Hobinson and R. Robinson^ with regard to the
mechanism of
the benzidine and semidine rearrangements. They
assume as a
basis the possibility of a partial dissociation of
molecules and
when a molecule undergoes partial dissociation it
is considered as
being "activated". Let A-b-c-D represent the
structure of a
molecule such that b or c or both are atoms
that are capable of
exhibiting a higher valency during salt formation.
In any reac
tion where energy is absorbed, the salt is
supposed to become
activated, so that the state of condition may be
expressed as
kXU, where x represents an acid, and the dotted lines indicate
partial valencies. If the new partial valencies
are conjugated
J. , t. n.-^ +v «rfi will be a normal valency
with unsaturated groups m A or i>, tue e ..
plus a partial valency between A or D and
the aton that is
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capable of changing its valency. The molecule may then he repre-
sented by this form ^ ,
(1) i—b C--D or (2) b c—
D
If this conjugation of partial valencies in each case continue
until stability of the molecule is attained, the result in (1)
will
be that A and c will become united and a new molecule will
be form-
ed such as b—A— cii^-D. In case (2) A and D will unite at the same
time separating b and c, forming such a molecule as b—A—D— c.
The first case corresponds to the semidine change, while
the second
corresponds to the benzidine rearrangement.
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EXPERIMENTAL PART .
Preparation of Hydrazobenzene.
Hydrazobenzene was prepared according to directions in
iloyes» Lab. Manual taking 150 g ,. of CgHgUOg, 1 liter of alcohol,
and 800 cc. of caustic soda solution (3cc. = 1 g.). The condi-
tions were varied slightly by putting the zinc (EE5 g. ) in first
and adding the nitrobenzene gradually through the condenser, and
using a raechi^nical stirrer as shown in ?ig. 1. The action was
very violent and had to be checked by cooling the ilask several
times. \Vhen the solution became colorless, it was filtered hot
on a plate, cooled quickly and the hydrazobenzene filtered off as
rapidly as possible, and recrystallized from alcohol. The reac-
tion may be represented as follows:
M'froheniene,
The yield was 63 g. or about of the theoretical.
Inasmuch as this was a poor yield the process was re-
peated without changes in the directions as given in the manual.
The zinc was added gradually through a small tube in the cork,
marked x in Fig. 1. The yield in this case was 110 g. or
of
the theoretical.
The preparation of hydrazobenzene by using water in
place of alcohol was then attempted but after filtration, no
hydrazobenzene could be crystallized out. The solution proved to
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be unchanged nitrobenzene. The possible reason for the failure of
the reaction taking place is the fact that nitrobenzene and water
are not rniscible.
On substituting benzene in place of water, the nitro-
benzene v/ent into solution and fne reaction became very violent
after the mixture was heated to about 70° C. and had to be checked
at short intervals. After the solution became colorless it was
filtered, and the benzene was distilled off. No hydrazobenzene
could be crystallized from the solution, and on adding hydro-
chloric acid, no test for benzidine could be obtained. On subject-
ing the liquid to distillation, aniline alone came over.
Preparation of Benzidine Hydrochloride.
Gatterman, Noyes, Cohn, and Meyer & Jacobson in their
laboratory manuals suggest the use of concentrated hydrochloric
acid for the conversion of hydrazobenzene to benzidine, and do not
mention the temperature and time for obtiiininsthe host yield.
Following their directions 2 g. of a-,^3^^=^^;sc2^ were cover
with concentrated HCl and allowed to stand for 5 minutes at
ordinary temperatures. Water was then added to dissolve the ben
zidine hydrochloride. After the unchanged hydrazobenzene was
strong hydrochloric acid equal to the volume of the solution.
The
benzidine salt came down immediately in bright shiny crystals.
The precipitate was cooled to 20° before filtering, then dried and
weighed. The yield was 1.34 g. Inasmuch as benzidine hydro-
chloride can::not be crystallized out quantitatively out of a stron
filtered off, the salt was repre cipitated by adding a volume of
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solution of hydrochloric acid it was necessary to run a "blank test
to determine the loss ov/ing to its solubility. Accordingly a 2 g.
sample of pure "benzidine was covered with 85 cc. of HCl sp. gr.
1.19, dissolved in 50 cc. of water and reprecipitated by further
addition of 25 cc. of HCl. The temperature maintained at 20° C.
In this manner 2.55 g. of the salt v/ere obtained whereas the
theoretical was 2.79 g. showing that 0.24 g. of benzidine hydro-
chloride remained in 100 cc. of the solution at 20°. A check
determination gave 2.53 g. of the salt showing that 0.26 g. of
benzidine remained in solution. On adding the solubility correct-
ion to the result obtained in the first experiment the yield be-
came 2.18 g. or 78.15-0 of the theoretical.
A series of conversions v^ere then run, using 25 cc.
portions of HCl of sp. gr. 1.05, 1.10, 1.15, and 1.19 respectively
at temperatures ranging from 20° to 100^. The results shov/ed that
the optimum conditions for the greatest yield and purest product
were a temperature of 20° and the use of acid of sp. gr. 1.05. In
this case tlie yield was 99.2^ of the theoretical. In all of the
rearrangements, the temperatures were m.aintained constant by heat-
ing on the water bath, with constant stiring for 50 minutes.
The transformation is instantaneous when strong acid is
used, but requires more time with weaker acid. In order to main-
tain uniform conditions for the experiments, 30 minutes were allow-
ed for each transformation. This insured a sufficient period for
the reaction when hydrochloric acid of sp. gr. 1.05 was used. The
benzidine salt formed in the above experiments was cooled down to
20° in each case before filtering so as to maintain a constant
solubility correction throughout the experiments.
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To determine the velocity of reaction, an alcoholic
solution of hydrazobenzene was used, to w-hich was added the hydro-
chloric acid and tr.e mixture allovy-ed to stand for 30 minutes. In
order to determine the rate of conversion it was necessary to draw
off a known portion, containing "benzidine hydrochloride, unchanged
hydrazohenzene , and diphenyline in solution. To this sample dilut-
ed on adding a concentrated solution of sadium sulphate the ben-
zidine was precipitated as insoluble benzidine sulphate while the
remaining products remained in solution. The benzidine sulphate
could then be filtered off, dried, and v/eighed to determine the
percentage converted. It was necessary to determine the solubility
of benzidine sulphate in the solution as described above, so as to
obtain a solubility correction factor as in the case of the ben-
zidine hydrochloride. Accordingly Z g. of benzidine were covered
v;ith 5 moles of hydrochloric acid of sp. gr. 1.05 and kept for SO
minutes at 20°. Water was first added to dissolve the benzidine
salt formed and then 20 cc. of a saturated solution of sodium
sulphate to make the total volume up to 100 cc. The benzidine
sulphate formed was then filtered off, dried and weighed. In this
manner 5.05 g. of the salt were obtained whereas the theoretical
is 3.06, showing that it can be precipitated quantitatively. The
reaction may be represented as follows:
Benzidine suJphafe.
IJo data on the velocity of reaction were obtained. It was my
intention to obtain the velocity of reaction using hydrochloric,
hydrobromic, and hydriodic acids.

Table 1 Table 2.
25 cc.HGl sp.gr. 1,05 = 6.77 moles 25 cc.HGl sp.gr. 1.10 13.9 moles
Temp, of :-'eaction Yield of Temp. of Heaction Yield of
Benzidine Benzidine
20° 99.2^ 20° 95.0^;^
40° 97.55b 40° 95.2^
60° 96.0^0 60° 89.6^
80° 93.2^ 80° 84.9^
100° 100° 78.8^
Table 3. Table 4.
25. cc.HGl sp.gr. 1.15 21.5 moles 25 cc.HCl sp.gr. 1.19 28 moles
20° 95.0^^ 20° 78. If.
40° 81, 3>'^ 40° 78.lfo
60° 82. 60° 79.5fo
80° 78.1^1 80° 78.87S
100° 78.lyo 100° 76.170
Table 5.
Temp, of Reaction s 20° Yield of Benzidine
5 moles HCl sp. gr. 1.05 98.9^^
5 " " " " 1.10 89.6^
5 " " " " 1.15 80.6^;^
5 " " " " 1.19 71.6)^





Apparatijs used in the preparafron of Hydrazobenz^ne.
mechanical stirrer
b - mercury seal

Page 13.
Preparation of Xanthone from Diphenylether
by means of the Friedel and Crafts Reaction.
Gromberg and Jickling'''^ succeeded in making benzophenone
chloride by treating benzene with GCl^ and AICI5, decomposing the
unchanged AlClg, the GCl^, and distilling the residue in vacuum.
They were able to obtain a yield of 90^^ of the theoretical. The
reactions involved are:
By analogy, an attempt was made to prepare xanthone by
using diphenyletfier in place of benzene. The reaction is:
The chlorine attached to the £ atom could be hydrolyzed to give
the xanthone. No reaction took place however and on distillation
unchanged diphenylether v/as recovered. An attempt v;as then made
to prepare the compound by using COCl^ in place of carbon tetra-
chloride. Accordingly 41 g. of COGlr, were passed into a mixture
of diphenyl ether and AlClg. On decomposing the AICI3 and dis-
tillation of the residue, unchanged diphenyl ether was recovered.
The conditions v/ere varied by adding the AlClg .gradually to the
solution after the phosgene had been passed in, but again negative
results were obtained. The reaction that v/as expected may be rep-
resented as follows:
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SUMMARY .
1. The attempted synthesis of xanthone hy means of the
Friedel and Crafts reaction did not give the desired compound.
E. Modifications of the method of preparation of
lYA*,YrW.^i>-voi^ as developed hy Alexeyeff^ did not give improved
results.
5. She vvork on the benzidine rearrangement showed that the
use of concentrated acid decreased the yield of benzidine.
4. The yield of benzidine ^vas also decreased by carrying
out the transformation at high temperatures.
5. The results obtained indicate that the best conditions
for the rearrangement are a low temperature and the use of dilute
acid.
6. Experiments conducted at 20° C. and ^7ith hydrochloric
acid of 1.05 sp. gr. yielded 995^ of benzidine, whereas, the usual
laboratory directions gave yields of only 80^.
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